Cryptosporidium sp. is a member of the family Cryptosporididae, suborder Eimeriorina, but it differs from most other enteric coccidia in that the organisms are smaller (diameter, 3 to 4 ,um) and only invade the microvillous border of gut enterocytes.
Cryptosporidium sp. infections were described first in tamed wild mice (16, 17) and subsequently in C57 mice (7) . Infections associated with diarrhea have also been reported in a variety of animals and in humans (2, 5, 10, 13, 18, 20, 21, 23, 24, 28) .
Studies in guinea pigs (26, 27) suggested that Cryptosporidium sp. is species specific, but recently, subclinical infections were recorded in 1-day-old specific-pathogen-free (SPF) suckling mice and rats inoculated with feces containing Cryptosporidium sp. taken from calves, lambs, and humans (19) . This paper describes the use of laboratory mice as models for the study of several aspects of Cryptosporidium sp. infections: susceptibility of mouse strains, age-related susceptibility, infections in immunosuppressed mice, and the effect of multiple passage through mice on the pathogenicity of the organisms for lambs. Storage in laboratory media was also investigated.
MATERAULS AND METHODS Animals. All animals were bred as SPF at the Moredun Research Institute and were maintained in plastic isolators. Two random-bred strains (Schneider Swiss White and Porton) and six inbred strains (CBA, CBA Nude, C57 Black, BALB/c, Porton [derived from the random Porton stock], and Hairless [HR/HR-ADR]) were used. Inbred Porton mice were used except where stated otherwise. Two gnotobiotic lambs were also used.
Administation of inocula to mice. Mice were inoculated orally with 0.1 ml of fecal suspension or gut homogenate with a 23-gauge needle tipped with plastic tubing. The dose was increased to 0.2 ml for mice 21 days or more in age.
Preparation of inocula. Cryptosporidium sp., isolated from the feces of a diarrheic calf, was passaged in SPF rats, gnotobiotic lambs (22) , and SPF mice and was used to prepare inocula 1 through 4 (Fig. 1) .
All inocula were prepared as 20% (wt/vol) homogenates of feces (inoculum 1) or whole gut (inocula 2 through 4) in 5% bovine serum albumin (BSA). The fecal preparation used in the storage experiment contained a calf Cryptosporidium sp. isolate that had been passaged four times in gnotobiotic lambs (D. R. Snodgrass, unpublished data) and had an initial starting 50% mouse infective dose of 3.08 (loglo).
Susceptibility of mouse strain. Two litters each of eight strains of mice (Table 1) were inoculated between 1 and 4 days of age. Mice were killed and examined daily from 2 to 7 days post inoculation (p.i.) for evidence of infection. Age-related susceptibility. Four litters of suckling mice were inoculated with inoculum 2 at 4 days of age, and 24 weaned mice were inoculated with inoculum 3 at 21 days of age. Two mice from each group were killed and examined for infection on 11 occasions from 2 to 16 days p.i. In addition, mice of the Hairless, Swiss White, and CBA Nude strains (14 mice from each strain) were inoculated at 21 to 42 days of age with inoculum 1, and 1 mouse from each strain was examined daily for evidence of infection for 14 days p.i.
Immunosuppressed mice. A total of 24 mice 21 days old were treated with cyclophosphamide at doses of 70 mg/kg, with two doses given intraperitoneally 7 days apart (1). Of these mice, 12 were inoculated with inoculum 4 at 2 days after the second cyclophosphamide injection. The immunosuppresive activity of cyclosphosphamide was evaluated by assaying the serological response to the injection of louping-ill virus vaccine, as was done before with respect to TAB vaccine (1). Louping-ill virus vaccine (Moredun type vaccine, Wellcome) was given to all cyclophosphamide-treated mice and to 12 control nmice.
Pairs of mice from each group were killed daily on days 3 to 8 p.i. and were examined for cryptosporidial Effect of multiple passage on the pathogenicity for lambs. Two gnotobiotic lambs 2 days old were orally inoculated with 5 ml of the 12th mouse passage of Cryptosporidium sp. (inoculum 3). Under terminal anesthesia, tissue was taken from the intestine of one lamb at 5 days p.i. and from that of the other lamb at 11 days p.i. for histological examination (25) .
Storage of Cryptosporidium sp. The effects offreezing and freeze-drying on inoculum 3 in the presence of cryopreservatives under various conditions (Table 2) were investigated. All cryopreservatives were made up in phosphate-buffered saline (PBS), pH 7.2 (Table  2) , and were mixed with equal volumes of inoculum 3.
In addition, the stability of cryptosporidia stored for 6 months at 4°C in distilled water, PBS, 5% BSA, and 2.5% potassium dichromate was studied. Cryptosporidia were also stored in PBS at 15 to 20 and at 37°C.
To titrate the stored preparations, half-log1o dilutions were made in PBS, and one litter (average, six mice) of 1-to 4-day-old mice was inoculated with each dilution. Mice were killed 7 days p.i., and cecal contents were examined for the presence of cryptosporidia. The 50% mouse infective dose was calculated by the Reed-Muench method (14) .
Detection of Cryptosporidium sp. Smears of cecal contents were made on glass microscope slides, airdried, fixed in methanol for 2 min, and then were 
RESULTS
Susceptibility of mouse strains. All eight strains of mice inoculated between 1 and 4 days of age were susceptible to Cryptosporidium sp. infection (Table 1) , although none of the mice had clinical illness at any time. Fecal cryptosporidia were detected from 3 to 7 days p.i.
When examined by light microscopy, villi in the terminal ilea and the luminal surfaces of the ceca were extensively covered with cryptosporidia, but the duodena were only sparsely infected. Significant pathological changes were not observed at any intestinal site in mice infected with Cryptosporidium sp.
Histological and fecal examination did not detect infection in uninoculated age-matched mice from the same isolators as inoculated animals.
Age-related susceptibility. Mice inoculated at 4 days of age became heavily infected in the ilea, but only mild infections were established in 21-day-old mice (Table 3) . Histological examination correlated well with fecal detection of the organism, but infected areas of gut could be detected histologically after fecal shedding of the organism had ceased ( (22) .
Storage of Cryptosporidium sp. Freezing destroyed the activity of Cryptosporidium sp. irrespective of the cryopreservation method used (Table 2) .
There was a progressive loss of infectivity in all media at 4°C (Fig. 2) Continuous biological passage is time consuming and costly, and there would be many advantages in being able to store strains provided their pathogenicity could be maintained. The various cryopreservatives used failed to preserve the organism at low temperatures, although two of the methods used (Table 2 , numbers 5 and 6) have been successful in long-term storage of rickettsiae (3) and Toxoplasma gondii (6), respectively. Storage of the Cryptosporidium sp. isolate at 15 to 20 or at 37°C in PBS resulted in inactivation within 2 weeks, but at 4°C the organism remained viable for at least 3 to 4 months. Heine and Boch (8) also reported that calf feces containing Cryptosporidium sp. stored at 4°C remain viable for 3 to 6 months. These findings may have epidemiological implications in that the organisms may survive in feces for a considerable period in a temperate climate.
The use of the mouse titration method to quantitate a Cryptosporidium sp. inoculum was preferred to the flotation method described by Iseki (9) , which in our experience yields only a small percentage of the cryptosporidia in feces. Moreover, it is impossible to assess the percentage of viability in the sample since it has been shown that flotation can affect viability (8) . With the mouse titration method, an overall viability, measured as the 50% mouse infective dose, is obtained for each inoculum, so that comparisons between inocula can be made.
The sensitivity of the mouse titration method was improved by employing histological examination of the gut as an index of infection rather than relying on Giemsa staining of fecal smears. The histological findings in selected titrations correlated with smear results (data not shown), but in general the percentage of infected animals detected on histological examination was higher.
In conclusion, laboratory mice are a very convenient animal model which may facilitate the study of many aspects of Cryptosporidium sp. infections which are not clearly understood, such as the immunology and the life cycle of the organism.
